The three-dimensional fixed charge transportation problem is an extension of the classical three-dimensional transportation problem in which a fixed cost is incurred for every origin. In the present paper three-dimensional fixed charge bi-criterion indefinite quadratic transportation problem, giving the same priority to cost as well as time, is studied. An algorithm to find the efficient cost-time trade off pairs in a three dimensional fixed charge bi-criterion indefinite quadratic transportation problem is developed. The algorithm is illustrated with the help of a numerical example.
INTRODUCTION
In the classical transportation problem the cost of transportation is directly proportional to the number of units of the commodity transported. But in real world situations when a commodity is transported, a fixed cost is incurred in the objective function. The fixed cost may represent the cost of renting a vehicle, landing fees in an airport, set up costs for machines in a manufacturing environment etc.
The fixed charge transportation problem was originally formulated by G.B.Dantzig and W. Hirsch [9] in 1954. Then in 1968 K.G.Murty [11] solved the fixed charge problem by ranking the extreme points. After that several procedures for solving fixed charge transportation problems were developed.
Sometimes there may exist emergency situations such as fire services, ambulance services, police services etc. when the time of transportation is of greater importance than the cost of transportation. Several methods [5, 12] for minimizing the time of transportation are also developed.
In 1976 Bhatia [4] et.al. provided the time-cost trade-off pairs in a linear transportation problem. Also in 1994 Basu et. al. [2] developed an algorithm for the optimum time-cost trade-off in a fixed charge linear transportation problem giving same priority to cost and time.
The transportation problem considered in the classical transportation problem is generally a two-dimensional linear transportation problem. Haley [6] in 1962 described the solution of a linear multi-index transportation problem where there are three indices. The method for solution presented by Haley is an extension of MODI method. In 1994, Basu et al. [3] provided an algorithm for finding the optimum solution of the solid fixed charge linear transportation problem.
In this paper three dimensional fixed charge bi-criterion indefinite quadratic transportation problem, giving the same priority to cost and time, is studied. An algorithm to identify the efficient cost-time trade-off pairs for the problem is developed. jk A = the total quantity of kth type of the commodity received by jth destination from all the sources ki B = the total quantity of the kth type of the commodity available at the ith origin to be supplied to all destinations ij E = the total quantity of all types of commodities to be supplied from ith origin to the jth destination.
PROBLEM FORMULATION
Then the three dimensional transportation problem is defined as
Here, there are m origins, n destinations and p types of commodities to be transported.
Also, 
Now, consider the three dimensional fixed charge bi-criterion indefinite quadratic transportation problem as
In the problem (P 1 ), we need to minimize the transportation cost and depreciation cost simultaneously of the kth type of the product to be transported from the ith origin to jth destination. Also we need to minimize the total cost (variable cost + fixed cost) and the total time of transportation. Therefore we have considered the objective function of the form as in problem (P 1 ).
THEORETICAL DEVELOPMENT:
To solve the problem (P 1 ) we separate it into two problems (P' 1 ) and (P" 1 ) as
To obtain the set of efficient cost-time trade off pairs, we first solve (P' 1 ) and read the time with respect to the minimum cost Z where time T is given by the problem (P" 1 ).
At the first iteration, let
Z be the minimum total cost of the problem (P' 1 ) and
T be the optimal time of the problem (P" 1 ) with respect to After modifying the costs with respect to the time obtained, a new optimal cost is obtained and time is read with respect to the new optimal cost. This procedure is called re-optimization procedure. Let after qth iteration, the solution be infeasible. Thus we get the following complete set of time -cost trade off pairs,
The pairs so defined are pareto-optimal solutions of the given problem. Then we identify the minimum cost 
This basic feasible solution will give an improved value of Z if
⇒ One can move from one basic feasible solution to another basic feasible solution on entering the cell ( , , ) i j k into the basis for which condition (3) is satisfied. It will be an optimal basic feasible solution if
Also, it can easily be seen that 0
Step 1: Find the initial basic feasible solution of the problem (P' 1 ).
Step 2: Calculate the fixed cost of the current basic feasible solution and denote this by where
Step 4: Find
A is the change in cost that occurs on introducing a non-basic cell ( , , ) i j k with value 1 ijk E (∀ ( , , ) i j k B ∉ ) into the basis.
Step 5: Step 6: Calculate
Step 7: If all 1 ijk ∆ ≥ 0 then go to step 8, otherwise find
Let its minimum be 1 pqr ∆ . Then cell ( , , ) p q r enters the basis. Go to step 2.
Step 8: Let
Z be the optimal cost of (P' 1 ) and
X be the optimal solution of (P' 1 )
corresponding to * 1 Z .
Step 9: Find
Step 10: Define
where M is a sufficiently large positive number.
Step 11: Find a basic feasible solution of the problem (P' 1 ) with respect to the new variable costs 1 ijk c . Go to step 2 and repeat the process.
Step 12: Let after the qth iteration, the solution is infeasible. Then identify the complete set of efficient cost time trade off pairs.
NUMERICAL ILLUSTRATION
Consider a three dimensional fixed charge bi-criterion transportation problem. 
subject to The data of variable cost ijk c and time ijk t is given Table 1 and Table 1 ' respectively. The fixed costs are Using the North-West Corner Rule, we find the initial basic feasible solution of problem (P) as given in Table 2 . Table 2 . 1,3 ) enters the basis. We find the new solution.
Repeat the process. The optimal basic feasible solution is given in Table 4 . 
